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ABSTRACT 

The major purposes' of this worlcshop wer 

teaching and learning materials on certain selected key biology 
concepts relevant to environmental, genetic, and agricultural 
aspects, and to^develop exemplary training materials on certain 
teacher competencies relating to laboratory and field techniques. 
Chapter One reports on the status and problems of biology education 
in India, Malaysia, Nepal, Pakistan, Sri Lanka, and Thailand. Topic 
areas considered are biology in the school j:urriculum ( including 
biology content and curriculum development efforts), instructional 
and curriculxim materials, teacher competencies, and teacher 
education. Chapter two considers new trends in biology education, 
such as a shift from teaching botany and zoology as separate sub3ects 
toward a unified course of life sciences. The contributions that 
biology can make toward environmental education programs and the 
design of instructional materials for students and for teachers are 
also considered in light of the trends identified. Chapter three 
provides short descriptions of three teaching and training units. 
Topic areas of these materials include practical/laboratory 
techniques for teaching environmental factors, freshwater ecosystem 
and water pollution, the cell cycle, environmental biology utilizing 
field studies, types of variations, and the possibility of gamete 
formation in a dihybrid cross. (JN) 
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INTRODUCTION 



Background 

In pursuance of Resolution No* 1/01 of the General Conference 
of Unesco adopted at its twenty-first session, the Unesco Regional 
Office for Education in Asia and the Pacific (ROEAP), through its 
Asian Centre of Edix:ational Innovation for Development (ACEID), 
organized the Sub-regional Workshop on Biology Education at ROEAP, 
Bangkok, from 3 to 12 August 1981* 

During 1980 Unesco had organized a Regional Workshop to 
Review Biology Education in- Asia wliich was held at the Science 
Education Centre, University of the Philippines, Quezon City, The 
•Regional-Work-shop-had-^cevieweri hi n1 ogy— educatlon_in_ Asia, at ^ the . 
secondary level focusing on three main aspects, namely, environ- 
mental, genetic and application of biology to health, nutrition and 
agriculture. In addition, it also identified teaching competencies 

for biology teachers to handle the new' topics increasingly finding 

place in biology curricula of various participating covintries. 

The Regional Workshop identified the various concept sVprih-" 
ciples, topics, practical experiences, teaching/learning strategies, 
values and skills which could find place in a secondary school bi- 
ology programme in respect of the three aspects which were the con- 
cerns of the Workshop, and suggested the need for developing teach- 
' ing/1 earning and training materials for these topics. 

Purpose of the Workshop 

The Sub-regional Workshop which was a follow-up of the 
Regional Workshop to Review Biology Education in Asisl, had the 
following main purposes: 

i) To develop teaching/learning materials on certain selected 
key biology concepts relevant to environmental , genetic 
arid agricultural aspects; and 
ii) To develop exo^nplar training materials on certain teacher • 
competencies relating to laboratory and field techniques. 

Participation 

Seven participants, one each from India, Malaysia, Nepal, 
Pakistan, Sri- Lanka and two from Thailand, participated in the Work- 
shop. In addition, the Regional Adviser'^ on Environmental Education, 
ROEAP, and the Science Education Specialist from ACEID, also parti- 
cipated in the Workshop. Some sessions of the Workshop were also 
• attended by observers from the Institute for the Promotion of Teach- 
ing Science and Technology (IPST), .feangkok. The list of participants 

is in Annex I. 
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Opening of the Workshop 

Mr. Raja Roy Singh, Assists'^t Director-General, Unesco ROEAP, ^ 

welcomed the participants and ^d them and their governments 

for accepting Unesco 's invita- . indicated that though .xn the 

developed countries a variet ' are being used to get science 

to the people, in the countr ' ds region it is mainly the 

formal education systems thr- deal with this .problem. For 

this reason the science teacuo. rnmes in our countries have 

to focus on two main tasks, fir get science permeate xnto 

the daily life of the people by dt ing scientific attitudes and 

outlook in our societies through h> 3 children understand what 
science means, what it can do, and wfu it cannot do. Secondly, to 
get the new thrusts in science into our teaching with emphasis on 
the elements of 'uncertainties' anr^ 'creativity'. He further poxnted 
out that the science that we are teaching is not of today, or even 
of yesterday. We ' are mostly preocr. ded with transmitting the es- 
tablished knowledge. What we have look for is the creative edge 
to science teaching and for this, bxojogy lends itself very well as 
in biology we are dealing with science: of .tomorrow. He wished the 

-pa-r-td-e4:pants-ald--suceess-diT--theix--ca-operative-ertdeavour--i^^ 

oping instructional materials which will support the development of 
competence and creativity in science. 

Dr. M.C. Pant, Science Education Specialist, ACEID, explained 
to the Workshop its procedure and schedule of work and what varxous 
past activities under APEID had achieved in the area of instruct- 
ional materials development. ^ 

Officers of the Workshop 

The Workshop elected Dr. M. Arslan (Pakistan) as Chairman and 
Dr.(r-lrs.) S. Bhattacharya (India) as- Rapporteur of the Workshop. 
Dr. M-C. Pant (ACEID) assisted the Workshop as its Secretary. / 

Method of work 

After election of the officers, the Workshop considered its 
agenda and schedule of work and approved these with modifications. 

During the next two plenary sessions the Workshop decided to 
discuss the position of biology teaching in the participating coun- 
tries and various problems and issues encountered in developxng new 
biology teaching/learning programmes with particular reference to 
the nature of instructional materials that are being used and the 
innovations that are beign attempted in this regard. 

During the next four plenary sessions, each- participant pre- 
sented his draft teaching/training unit and general comments were 
made by other participants for making improvements in the ^ units. 
The Workshop t,hen assigned each unit tc one of the participants 
(other than the author) for making a detailed critique and propose 
changes in th'e draft to improve its effectiveness. This exercxse 
was -followed by work in small groups for further improvements over 
the ones made by individual' critics. The revised drafts were then 
considered in two plenary sessions for finalization. 
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The Workshop decided that as the teaching/training units 
would be printed separately after further editing, an abstract of 
these vinits should be given in the report to enable the readers to 
know what these units contain and how they can be used in biology 
teaching . 

In the concluding session, the Workshop considered its draft 
report and adopted it with certain modifications which have been 
incorporated in this final report. 



Chapter One 



POSITION OF BIOLOGY TEACHING 
AND RELATED INSTRUCTIONAL MATERIALS 



India 

. Biology in the school curricul\:iin 
In India, the 10+2 system of school education has been adopted 
by the central government. A few States, however, still have the 
ll-.year school system. According to the 10+2 system, the first ten 
years are general education, with science as a compulsory subject in 
the curriculum. The +2 stage is divided into science, commerce, or . 
humanities strearas. 

In the science curricula developed by the National Council of 
Educational Research and Training (NCERT), biology forms a part of 
' Environmental Studies ' at the-primary - level"( elnsses -I-^V Inte- 
grated Science* in the middle schools (classes VI-VIII), and 
nieneral^^ Sciehce' "^al: tl^e^^^^ • 
+2 stage, biology is taught as a separate siobject. The biology com- 
ponent of the ciirricula at all stages is highly environment based, 
and has strong components of health, nutrition and agriculture. 
Furtherrr.ore, genetics and cell biology are important components at 
the higher secondary. stage (+2 stage). 

The most important change in the teaching of biology has been 
that instead of treating, botany and zoology as separate subjects, 
the content is presented as »Life Sciences' at the secondary and as 
•Biology' at the higher secondary stage, thus stressing unity rather 
than diversity amongst living* organisms. Another aspect which de- 
serves mention is the introduction of investigatory experiments or 
projects at the higher secondary level. : This was introduced with 
an idea to expose students to the methodology of tackling problems 
scientifically and to develop creativity. 

Instructional material s 

The NCERT has developed syllabi and textbooks for all stages 
of school education. The' textbooks produced by NCERT are well illus- 
trated and in two languages, English and Hindi. The States which 
use the NCERT books are permitted to translate them into the re-^ 
gional languages. The language, especially the technical terms in 
regional languages, often poses difficulties- To overcome this, 
the Hindi version of the NCERT textbooks gives the English equiva- 
lent in parenthesis. 
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Besides the textbooks, NCERT has also produced teacher »s 
guides and test it^.s for each class. The teacher's guide clarif:.es 
for teachers the concepts given in the textbook; gives details of 
activities which can be used for improved teaching/learning of the 
concept; highlights the points to be emphasized; and gives a list 
of additional reference material for teachers, including books and 
audio- visual aids. The test items, based on objective methods of 
evaluation, include a variety of questions on each chapter which 
test knowledge, londerstanding and skills, and enables the teacher 
to construct proper tests with minim\im effort. Currently, efforts 
are being made to produce activity-oriented workbooks for the va- 
rious classes. Kits for demonstration are also developed and manu- 
factured by NCERT, especially for the lower grades. 

NCERT has also produced a number of low-cost supplementary 
readers related to various topics included in the biology, course 
which are .of use both to the teachers and students. Furthermore, 
NCERT has also produced charts, films, filmstrips and tape-slide 
sequences, both for teacher training as well as for classroom use. 

Teacher competencies 

The introduction of the new trends in biology education, 
with stress on values and social relevance, .has put the teach<=vr 
and the teacher education system under stress. The teacher at all 
levels are products of the conventional education system, and face 
great difficulties in trying to comprehend these modem trfinds. 
A teacher, -for instance, at the higher secondary level is almost 
always a conventional M.Sc. in either zoology or botany, vith^ a 
Bachelors degree in Education. The latter courses 'include: mostly 
pedagogic aspects with very little science content. With such a 
training, he finds it difficult to deal with the whole spectrum^ of 
biology topics as prescribed for the higher secondary level; which 
includes genetics, cell biology, agriculture, health, ecology, and 
industrial microbiology. Also, the specialization in one siibject, 
either zoology or botany, prevents him from having practical 
skills in the other areas, and one often finds that inexperienced 
teachers who are Botany M.Sc.'s are unable to cope with dissection 
and other zoological techniques confidently, or vice- versa. » 

The fault does not lie with the teachers, but the education 
system in the colleges and the universities.^ While the curricula 
in the schools have been updated, colleges still have the old- 
fashioned curricul\am, with botany and zoology as separate siabjects, 
and areas such as health and nutrition, and agriculture not form- 
ing a part of the siobjects. The solution therefore lies in the 
improvement of the teachfer training programmes, both pre-service 
and in-service. This is by no means an easy task when one consi- 
ders the vast number of teachers in the country. 

The NCERT, in an effort -to update the teachers, has started 
a series of enrichment courses in new biology for teacher educa- 
tors and key persons from the States, with the hope- that this will 
have a multiplier effect in updating teachers. About 15 teacher 
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educators are trained in a two-week course on the new trends. The 
course content is the same as for teaching secondary and higher 
secondary- biology. The stress is mainly on the practical experi- 
ences and use of the environment for teaching biological concepts, 
especially ecology. Other areas covered include teaching strategies 
like use of newspaper cuttings for teaching about environmental 
problems, discussions on social relevance, value education. It is 
hoped that within a short time, it will be possible to have trained 
key persons in each State who, in their turn, could update the 
biology teachers of secondary schools in their State • 

p.jLrthermore, the Regional Colleges of Education (RCE) vinder 
NCERT also have correspondence-cum-contact courses for pre-service 
training of teachers, for which distance teaching materials have ^ 
been developed. The RCE at Bh\ibaneswar also offers a M.Sc. Educa- 
tion degree, wherein the course includes the biology content at the 
M.Sc. level plus the pedagogic aspects of education. These efforts, 
howev3r, are only a, beginning for solving the problem of updating 
the' vast number or teachers, and producing better oriented teachers 
in the future. 

Malaysia 

Biology education in the school c\irricul\:m 

I^laysia has six years of primary education, followed by thr ee- ~ 
years of lower secondary and two years of upper secondary education. 
The post-secondary or pre-university education is of two years' 
duration. 

At the primary level, the environment is utilized as a medi\am 
for instruction, where pupils are encouraged to s1:udy science from 
the environment. Various biological ' concepts are included in the 
scientific concepts studied from the environment. At the lower 
secondary level, biology is part of the integrated science syllabus, 
which is a three-year course. Basically, these nine years are 
geared towards providing a science education in the context of a 
general education. 

At the upper secondary level, biology is taught as part of 
general science for the arts stream pupils, and as a separate disci- 
pline for the science stream pupils. The science curricula at this 
level are structured in such a way as to provide a continuity with 
the lower secondary science programme. 

At all these levels, the teaching-learning strategies emphasize 
inquiry-oriented and activity-based approaches. Besides content, 
the new science curricula focus on processes of science and their 
application to everyday life. The investigatory made_J2f^eaching- 
1 earning leads to conceptual understanding and the ability on the 
part of pupils to relate the science learnt in the classrooms to 
real-life situations. 

In the context of social relevance of the biology curriculum, 
the content includes, among others, elements of environment, health, 
nutrition and genetics. Due emphasis is given in the biology cxirri- 
culum to concepts in ecology and microbiology. 
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The science curricular materials include those for pupils and 
teachers- Pupil materials include worksheets, textbooks and refer- 
ence materials. The worksheets for the lower secondary level and 
the textbooks at the upper secondary level include, among others, 
sufficient activities which generally were not the featxire of the 
old textual materials, and probing questions, a feature not present 
in. classical textbooks, to encoxirage inquiry-oriented teaching- 
learning. Teacher materials include teacher's guides and a compre- 
hensive apparatus list for each curriculum. In addition, there are 
three issues per year of the science newsletter for teachers. These 
are sent free to all schools. Teachers are encoxiraged to contribute 
articles to this newsletter, and thus share their ideas with other 
teachers. 

Teacher education 

In-service education has been and is being provided for science 
teachers to expose them to the curricular innovations. Such in- 
service coxirses enable the teachers to familiarize themselves with 
the teaching-learning strategies of these science, cxirricular innova- 
tions. Such in-service cotirses were run at the national level to 
begin with, and later, conducted at the State level. The pre- 
service education of teachers at the teachers' training colleges and 
the faculties of education in the universities have also taken into 
consideration these innovations in the science cxirricula. 

o 

Since 1977, in-service courses have been conducted for key 
science teachers to enable them to update themselves professionally 
in various aspects such as classroom testing techniques, curriculum 
evaluation, and laboratory management, to name a" few. These key 
teachers in turn would be involved at the state level for the pro- 
fessional development of teachers there. This mode of in-service 
education for teachers would help gear it to the specific needs of 
teachers. 

Nepal 

Biology in the school curriculum 

School education in Nepal is divided into three stages: 
Grades I to .III primary. Grades IV to VII lower secondary and 
Grades VIII to X secondary. Science is taught as a compulsory sub- 
ject from Grades IV to X. The science course ±s offered as a 
coulrse of 'general science* where biology is one of the elements. 
The other elements being physics and chemistry. 

Biology is further organized under two main parts: botany and 
zoology. In zoology portion, the focus is on animals with or with- 
out backbones as well as the cell and its structure. In botany, 
the texonomical classification of plants occupies the major course 
content. The Government has however recently decided to reorganize 
the school structure with a five-year primary stage, two-year middle 
stage and three-year secondary stage. Science would be compulsory 



only in Grades IV to VIII and vd.ll be optional in Grades IX and X. 
The major change in general science for Grades IV to VIII will be 
the integration of health education elements vd.th general science. 

Content of biology , 

In Grades IV and V at the primary stage, biology concepts are 
introduced as » nature study'. Plants and animals are studied as 
the living things; different kinds of plants and animals and how 
they grow and reproduce; distinction between plants and animals; 
flowering and non-flowering plants. 

At the middle school stage, the study of plants and animals 
continues with focus on. interdependence of living things and the 
environment. Structures are studied in some detail and study of 
micro-organisms is also introduced. 

At the secondary level, the structure of cell and its funct- 
ions, difference between plants and animal cells, tissues and 
organs, life cycle of certain animals and plants and life processes 
is taken up. In addition, th e usefu l plants and animals of Nepal ^-^ 
are emphasized to make biology more meaningful' for real-life "situ- 
ations of the country. 

In the revised curricula, some modern topics such as mitosis; 
life processes svich as movement, nutrition, respiration, reproduct- 
ion; eco-systems; growth of population; and conservation of envi- 
ronment; are being introduced. 

Instructional materials 

The developmerit of curricul\:im and instructional materials is 
the ^responsibility of the Curriculum, Textbook and Supervision 
Development Centre of the Ministry of Education. Curriculum is de- 
. signed and developed by subject specialists of the Centre and re--^ 
.viewed by subject committees and approved by a co-ordinating commit- 
tee. The textbooks are developed by individual authors who are 
invited by the Janak Education Materials Centre to prepare the manu- 
scripts based on the ciirricul\am developed by the centre. The Centre 
is responsible for the review of the manuscripts. Constant attempts 
are being made to improve the textbooks both in terms of their con- 
tent as well as presentation and get up. • 

Shortage of science equipment has continued to be a major 
problem and to overcome this, as well as to make science teaching 
more activity-based, extensive programmes of developing low-cost 
teaching materials ^ave been organized and teachers trained for the 
purpose;. Recently a handbook to help the teachers has been prepared 

Teacher training 

Pre- service training is provided at various campuses of the 
Institute of Education, which also undertake in-service training as 
and when necessary. Shortage of qualified and trained teachers has 
been an acute problem in Nepal > and it was due to this reason that 
recently a policy decision was taken to make, science optional in 
Grades IX to X till such time as qualified and trained science tea- 
chers are available to staff, particularly, the'rural high schools. 
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Pakistan 



B iology ciirriculum ' 

Biology is a component of the integrated science course from 
Classes I to VIII* Students entering the secondary level (classes 
IX and X) are required to make a choice between the humanities and 
science group of courses. 

Students taking up humanities at the secondary level have to 
study general science for two years which includes topics of biology. 

Science group students study biology in addition to physics 
and chemistry, as a separate subject. Science students completing 
two years at the secondary level may continue to study biology at 
the higher ^secondary level (classes XI and XII). This prepares the 
student to enter university education or professional education 
mainly in medical, biomedical, veterinary or agricultural fields. 

The curriculum is designed by the Federal Ministry of Education 
(Curriculum Wing) whereas the textbooks are developed by the Pro- 
vincial Textbook Boards. ' In addition, there are Provincial Curri- 

^culum^&oreau the Textbook Boards, are 

responsible for the production of teacher's ■ guides. The provincial 
agencies are supposed to relate the concepts contained in the curri-' 

'culum to local environment, when developing a textbook. 

In the recent years, steps have been taken to introduce and 
modernise biology curricula at the elementary and secondary levels. 

Biology education at the secondary level 

The curricxal\:im ; The biology curriculum for secondary science 
education gives an idea of the topics and the concepts to be intro- 
duced at this level. There has been a tendency to include in the 
curriculum maximum number of topics, most of which are ' descriptive 
in nature, dealing with diversity in animals and plants. It is 
felt that more emphasis should have been given to those concepts 
which are desirable to be introduced at this stage. Some of the 
topics/concepts requiring more attention would include cell struct- 
ure and elementary cell physiology, cell cycle, heredity material, 
genetics, transfer of genetic information, modes of reproduction 
and growth, developmental biology and environmental biology. It is 
desirable that morphological aspects be dealt with in relation to 
functions. 

In the present syllabus, consideration has been given to the 
study of interrelationships of * organisms and their environment* and 
to 'biology and h\aman welfare*. However, attempts to relate biology 
to everyday life have so far failed to make a visible impact. 

Instructional materials; Since the development and writing of 
textbooks is the responsibility of an independent agency, the con- 
cepts contained in the curriculum may not be translated adequately 
in textbfx)ks and the very objective of the curriculum designing may 
thus be frustrated. 
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The current textbooks for the secondary level are deficient 
and defective in many respects. The descriptive part at many 

places has been made unnecessarily complicated and involved—The-- 

same facts can be started in a more simple and lucid style. The 
text contains numerous mistakes and errors, both factual and typo- 
graphical. The enquiry approach has not yet been adopted and the 
questions given at the end of each chapter are mostly of recall 
type and not probing leading the students to just meirorise the 
facts given in the text. 

A balanced treatment of the subject matter is lacking. There 
is a tendency to overburden the students with unnecessary details 
of description and terminology. Special consideration inust be 
given to the quantum of knowledge and 'the kind of concepts to be 
passed on to the students at a particular level. While writing, 
the authors need to bear in mind that overloading the students . with 
■diverse facts and information, will be at the expense of perhaps 
more important and basic material which need be- assijtalated and 
conceptualized at this stage, by the. student. Moreover , with re- 
qard to the teaching of a specific topic, one must know how much of 
content to' give, what details should be omitted^ and where to stop, 
keeping in view the subject background and comprehension level of 
the student. One s'lould also realise that the same topic will be 
dealt with in greater detail at a higher level. 

The printing and get-up of the textbooks available to students 
are far from satisfactory. Most of the pictures and diagrams do not 
relate to the text and are poorly labelled and described. 
Physical -facilities for biology laboratories 
' ■ TThe biology- laboratory and practical work in schools is ex- 
tremely poor. Although a number of practicals and activities are 
listed in the curriculum, yet in most of the schools, l^^°l°gy 
taught without practically any laboratory work. This state of 
affairs is mainly due to: 

.1. Lack of equipment, chemicals and glassware in schools; 
• 2. Lack of training of the teachers in conducting specific 
experiments. This means a lack of technical skills on 
the part of the instructors; and 
3. Inadequate laboratory '^pace. In many schools, the labora- 
tory periods are not even shown in the regular timetable. 

Some suggestions : 

1 The agency responsible for curriculum development should 
■ ' actively involve itself in the production of model text- 
books, t^•aching units and teachers guides which may then 
, be adapted by provincial cl^rriculum bureaus in accordance 
with their own needs and conditions. 
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2. Competent and motivated subject specialists from 
\miversities, colleges and schools be identified and 
given the tapk of developing and writing textbooks. 
Critical evaluation of the textbooks before they are put 
in print, should be made by the experts responsible for 
designing the curriculum. 

3. The printing and illustration of the textbooks should be 
improved so that they appear attractive and appealing 

to the reader. The diagrams should help in elucidating 
the text and should be adequately and clearly labelled 
and described. 

4. Laboratory and field work should be emphasized at all 
levels. It should be a regular scheduled activity. 

5. Measures should be taken not only to provide core equip- 
ment to all schools .but also ensxire its maximal use and 
proper maintenance and care. 

Teacher training 

Teachers imparting instruction in biology at the secc^dary 
level are supposed to have a Bachelor* s degree in Science, CBot any/ 
Zoology/Chemistry) • However, many of the teachers teaching biology 
at the lower levels, do not have a formal training in biology at 
all. Because of the rapid changes made in biology curricula at 
school level and with the* introduction of new topics like molecular 
biology and environmental biology, it is becoming essential that in- 
service teacher training programmes be intensified. Real effort 
and investment must be made in this direction if science education 
at schools has to be made meaningful and useful. In addition to the 
teacher training centres, the universities^ of the country can play 
an important role in this regard. It is in these institutions 
that the teachers involved with secondary and higher secondary edu- 
cation can update their knowledge of the growing discipline of bio- 
logy and '^^lus come across new information. Many of the technical 
skills can also be learnt and acquired through this relationship. 

Role of teachers 

It is strongly felt" that one important reason for the falling 
standards of school- education in the country, despite revision and 
modernization of curricula, has been that the teacher is grossly 
neglected. He is deprived of what is due to him. As a result, a 
school teacher lacks motivation with regard to teaching as Vs/ell as 
learning. Devotion and commitment have no rewards. Except for a 
very, small percentage employed by •high class* schools catering to 
the children from affluent families, the teachers are paid extremely 
low salaries and have few chances of promotion. The teachers also ' 
do-not enjoy, at present, the social status^^and respect which were 
accorded to them in the past. 
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Sri Laiika 

The system of formal education in Sri Lanka provider for six 
years of primary education (KG + .grades 1-5), five years of junior 
secondary (grades 6-10) and two years of senior secondary (grades 
11-12) , aftex- which a minor percentage is selected for tertxary 
(higher) education. / ' ' 

Biology in the school curricul\am 

At the primary level, pupils learn science quite informally 
as study of the nature where the curriculum includes 'some aspects 
of basic science. The philosophy here is one of^under standing 
through activity, and the approach is process-orrented. It gxves 
opportunities for the child to study at his own pace his envxron- 
ment - to experiment, to learn through manipulation of objects, to 
make observations and report on them, to make judgement, etc. The 
iunior secondary grades (6-10) Have a common Curriculum consxstxng 
of nine subjects, including exi 'Integrated Science' course desxgned 
to give a basic knowledge of science including biology to all pupxls. 
At this level , practical and field work oriented actxvxtxes are 
mostly included. At the senior secondary level, biology is taught 
as two separate branches, botany &nd zoology. 

During the last few-years, science syllabi were revised parti- 
cularly that of chemistry and zoology, where the latest addxtxons 
su-h as animal diversity, industrial aspects, technological aspects 
and ecology were included. Due to the fact that practical papers 
were abolished from the General Certificate of Education (Advanced , 
level) Examination held at the ^end of the senior secondary level, 
students do not take sufficient interest in carrying out practical 
. work. An innovation tried out is the teaching of biology makxng . 
use of environment as a resource - where both the teachers and stu- 
dents are exposed to the problems r^-f environment and thexr practxcai 
investigation. 

Curriculum reforms in biology 

In designing the ^ new General Certificate of Education (Advanced 
Level) curriculum, a deliberate attempt was made to make scxence 
learnt in school relevant to the everyday needs, of children. Wxth 
this end in view, a number of non-traditional areas giving xnforma- 
tion regarding the resources of Sri Lanka were introduced xnto the 
curriculum. This is a Curriculum Development Centre project, where 
field supervisors, research personnel and other experts.. were brought 
together with curricul\am developers to prodr-.ce the background 
information materials for these topics. These have taken the form 
of teacher resource materials for the senior secondary teachers, who. 
have for long been following a curriculum based on the requirements 
of a very minor percentage of university entrants of the p.C.E. 
Advanced Level. The background material produced -gives fundamental 
knowledge and insight into some of the modem industrial and techno- 
logical methods. Some of tha biological topics selected are: 
(i) information regarding pests^and pest control; (ii) xnformatxon 
regarding fisheries, etc. t 
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The major innovation in the field of biology teaching was the 
initiation of the »Field Study Centre' programme in 1979. Under 
this programme, a new technique of teaching-learning is -tried out, 
making use of environmental resources. This method has been^ found 
to create the required motivation to study biology in a meaningful 
way by utilizing the real-life situations. 

The essential components of a field study centre are an envi- 
ronmental resource of '-Interest, such as a forest reserve, a lagoon, 
or a river bank, and an organizational centre in the form cf a well- 
equipped school with senior secondary science facilities. It has 
provided opportunities for pupils, teachers, curriculum developers, 
field personnel, engineers and scientists to come together to dis- 
cuss environmental problems and identify study programmes. 

One of the most important aspect of the field study centre,, 
programme is the development of tools required to perceive environ- 
mental problems and study them as they are. Here the participants 
get an opportunity to investigate a variety of problems. They are 
helped to select a particular problem which they then proceed to 
investigate. What is more important than the findings are the pro- 
cesses involved in this type of study, e.g. the selection of the 
problem, method of observation, gathering information, making use 
of data. and discussions and interactions with other members and 
specialists. 

There are five field study centres at present and the number 
will increase to seven by the end of 1981. By the end of 1983, it 
is proposed to cover the whole country by expanding the network to ■ 
12 centres. 

Instructional materials 

The syllabi, teacher's g\iides for the primary, jvjiior And 
senior secondary stages are designed and prepared by the curriculum 
developers. Textbooks are supplied to all pupils free of charge. 
In addition to -the rapid' increase in the number of schools, the new 
approaches of teaching science also require an increased use of ^ 
eqiiipment. The provision of science equipment to nearly 6,000 jionior 
secondary schools and nearly 450 senior secondary schools has there- 
fore become a problem for the Ministry of Education. In this con- 
text, a new project for improvisation of low-cost equipment has been 
established. / 

Teacher education 

This is entirely a state subject with the Ministry of Education 
being responsible for training of primary and junior secondary 
.teachers and the Ministry of Higher Education for post-graduate 
teach er_ educa ti on . 

The traihing-.cpurses for the primary and junior secondary 
teachers have three components!- professional education, academic 
education 'and general education. ^ ■ 



Since there is no pre-service training reqiiirement for re- 
cruitment to the teaching-43rQ£ession, a large number of untrained 
teachers is present in the teacher cadre at any time. Curricular 
changes such as the introduction of science in the junior school 
curriculum has required the recruitment of large numbers of un- 
trained persons as teachers. The, realisation that the vast number 
of untrained teachers cannot be covered through institutionalised 
training has made it necessary to explore the possibilities offered 
by distance education methods. 

In addition to the above methods of teacher training and in 
order to help the teachers develop new competencies, especially to 
cope with somewhat radical curriculum changes, a comprehensive in- 
service education programme has been organised. This in-service 
education programme is supervised by the Curriculum Development 
Centre which has now been amalgamated with the Teacher Education 
Branch. 

• The jianior secondary level in-service education is organised 
by the Curriculum Development Centre for the 'master-teachers' to 
cater for the junior secondary teachers on a decentralized basis. 

The post-graduate teacher training programme is limited main- 
ly to the one-year Diploma in Education course offered by the 
universities. The number of teachers receiving masters and doctor- 
ate level education is still very small. 

Senior secondary teachers too, most of whom are graduates 
with a basic degree in science, do follow regular in-service sess- 
ions on a decentralized regional basis organized by the Curriculum 
Development Centre. ° ■ 

Educational research 

Since the impact of research activities done mainly in the 
post-oraduate colleges of the universities on the school system has 
been minimal, a research branch to undertake research activities - 
mainly to improve the school system - was set up at the Ministry 
of Education in 1980. 

This branch is undertaking research activities mainly to im- 
■ prove the school system. Research for the rationalisation of senior 
secondary science facilities, grouping of schools in order to share- 
the common resources, etc. , are some of the operational research 
activities carried out by this- branch. 

Thailand 

Biology in the school curriculum 

Thailand has recently switched on tc a new school structure 
with six years of primary, three years of middle, and three years 
of senior, high school in place of the old 7+3+2 structure. During 
the first six years of schooling, science is taught as an integral 
part of a course on' life experiences' and Tonder this, biology topics 
deal with the natural environment of the child. At the middle 
school stage, science experiences are provided to the children 
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under the subject » general science* which deals with major aspects 
of plant and cinimal life linking them closely with the real-life 
"situations of the learner and his environment. At the high school 
stage, biology is taught as a separate subject along with physics, 
chemistry and mathematics to those students who offer the science 
stream, whereas for the others it is included as a part of a 
'combined physical and biological science course' which is modular 
in natiire, and students can select a certain number of modules 
dealing with biological and physical phenomena which have direct 
links with dally life problems. 

Efforts in developing high school biology cxxcricula 
(The IPST Programme) 

The first active biology curricul\am developm.ent in Thailand 
started in April 1971. Biology teachers from the higher secondary 
schools, universities and college instructors, and biologists from 
VcQrious research institutes in the country assembled to exchange 
views and collect data for subsequent high school biology curriculum 
development. Following this, the Institute for the Promotion of 
Teaching Science and Technology (IPST) formed a committee which in- 
cluded officials from high schools, colleges of education and uni- 
versities, to develop a new biology curriculum for the upper secon- 
dary school level. A Biology Design Team (BDT) was established to 
study biology curricula of various countries and drafted a biol\.">gy 
syllabus for the M.S. 4 and 5 (Grades XI and XII) in accordance with 
the various suggestions received. The content of the biology 
course consisted of a universal portion and a local portion in the 
proportion of approximately 70:30. The universal portion contained 
topics such as photosynthesis, digestion and respiration. These 
topics find place in almost all sch:^ol biology courses elsewhere ' 
also. The local portion contained the biological topics that were 
suitable for the Thai region, for example,' the topics of ecosystems 
and populations^. It was agreed among members of the BDT that the 
universal topics could be borrowed, translated or adapted from 
other standard works, but the local topics were to be written in a 
manner that would suit the needs of the country. 

A group of ha.gh school biology teachers was established as 
the Biology Writing Team and the BDT provided the outline of the 
course content and served as the editorial staff. Specialists were 
occasionally invited as consultants for review and improvement of 
materials. Mini-trials were held to make sure the chapters and 
topics were suitable for practical use. Data and information ob- 
tained from the mini-trials served as the basis for rewriting those 
topics which needed modifications so that they would suit the Thai 
high school setting. 

The IPST biology programme attempted to develop three main 
characteristics of biology as a science, i.e. the gathering of 
scientific knowledge, the practice of scientific processes, and the 
development of scientific attitudes. It adopted an activity based 
approach. The learner performance was, therefore, the most import- 
ant aspect. The inquiry method was used as a basis for teaching 
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strategies so that it woul4 enable and encourage the students to 
examine the biology of their immediate environment. This was re- 
flected in the HpvpI nprtien t of the i nstructional materials also. 

The experimental editi9ns were tried out. and revised during 
the period 1972-75 and the commercial editions were. brought out in 
1975-76. Ml of these materials became available for use in the 
upper secondary schools all over the country in June 1976. The use 
of the commercial edition was followed up in the schools for eva- 
luation and further revision. The revised edition is now in use 
in grade X from 1981. 

Instructional materials 

The IPST biology materials are new in content, concepts and 
approaches. The 'new content represents a view of biology as biolo- 
gists themselves see it; it is more than^ a mere addition of new 
materials to the traditional content of biology textbooks. It re- 
presents a re-organization of the subject matter through which run 
unifying concepts. Its methodology moves away from memorization 
and routine laboratory exercises and, instead, moves toward scien- 
tific inquiry, the processes of science and science as history. 

The materials developed include students' textbooks, teachers' 
guides, equipment for practical work, examples of test items and 
audio-visual aids such as transparencies, slide sets. 

(i) T-extbooks 

Contrary to some countries where the textbooks developed in 
U.S.A., U.K. or Europe were adopted or translated, the IPST develop- 
ed de novo the biology textbooks on its own, particularly the. con- 
tent for local topics such as ecosystem, conservation, of natixcal 
resources. For the universal topics, ideas and -strategies- developed 
from various places were adopted with, in many instances, substan- 
tial modifications. The Ltiportant thing was that Thai data and in- 
formation was utilized, whenever appropriate, to illustrate the 
various biological concepts. This took the form of pictures, di- 
agrams, data and results obtained from research studies carried out 
by local scientists. A pertinent point herein which seems to be 
unique is the adoption of a combination of the historical approach 
as well as the experimental approach in biology teaching in order 
to help students appreciate and understand the history of the devel- 
• dpment of biological concepts. 

(ii) Equipment and materials for practical work 

In IPST the development of equipment has been conceived as an 
integral part of the total process of designing and developing a 
new curriculum for any siJbject, and it was for this that an equip- 
ment design team was established to assist in this aspect of the 
work of the various siJbject design teams. 

The IPST equipment design team has its own workshops where 
prototypes of equipment for both laboratory and field activities 
are developed. Joint efforts are made between the technicians of 
the equipment design team and the academic staff menOsers of the 
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Biology Design Team in the preparation of the prototypes. The pro- 
totypes are tried out in the same manner as the textbooks and revi- 
sions are made before the prototypes are dent to the manufacturer 
to mass-produce the item for commercial purpose. Maximum use pf 
locally avail^le materials and technology is emphasized, keeping 
the design of the equipment as simple as possible. ' 

Materials for practical work in biology such as slides for 
microscopes have also been developed. A recent innovation is that 
the IPST Biology Design Team has started bulk culturing of some 
common living organisms useful for school laboratory activities 
such as hydra, planaria, Paramecium, and distributing them to near- 
by schools. It is planned to extend this activity to the recently 
devQrloped Science Teachers' Servicing Centres (STSCs) which are' 
being established in all the Teacher Training Colleges, so that all 
secondary schools in the co\antry could receive authentic biology 
specimens required for implementing the new curriculum. 

(iii) Teacher's guide 

Similar to those developed in other co\antries, the teacher's 
guides contain detailed information and guidelines helpful. for , . 
effective teaching such as techniques and procedxores in carrying^ 
out classroom activities, lists of materials to be prepared, esti- 
mated time allowed for particular chapter. Some "additional know- 
ledge for. teachers has also been included for certairi topics which, 
it is felt , ^ average teachers may not be familiar with. 

(iv) Source book of test items 

Very little work seems to' have been done on 'evaluation' of 
pupil performance, though it' is onq^of the. most crucial parts of 
curriculum - development and implem'entatipn activity. However, the 
IPST has organized workshops on test item writing to provide tea-, 
chers the necessary knpwledge and skills. Although the number of 
participants have b^eri limited, a considerable amount of accepted^ 
items have been developed and compiled to serve -as source ;. at(arial 
useful for other teachers as well. Samples of these test Items 
were distributed to teachers both in the form of a separate source 
book' and, in some instances, as parts 'of the teachers' guide. 

(v) Audio-visual aids 

A considerable number of audio-visual aids useful for biology 
teaching were also developed by the IPST. At the beginning, only 
two typeg of audio-visual aids wer.e developed, the blac]-: and white 
transparencies and slide sets. In doing this, some efforts were 
also made to. adapt some sets of the inquiry slides developed by the 
BSCS to be used in Thai' schools. , . 

Teacher training programme 

The IPST biology curriculum development programme did not end 
T/dth the production of the printed materials. The teacher training • 
coruponent was included as an integral part of the effort as envi- 
saged in the original objectives of the programme. Both in-service 
and p^re-service training for biology teachers were carried out during 
the period of the development of materials. 
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In-service training for biology teachers has taken several 
forms. This included workshops of various durations ranging from 
two to three weeks; Saturday meetings; and one-week workshops for 
writing test items. This training was organized for the teachers 
who participated in the trial programme of the biology curriculum 
materials'. Resource persons who conducted these workshopr. included 
members of the BDT, guest specialists from other institutes, and 
Unesco consultants. The philosophy and rationale of the biology 
curriculum development were included in all these teacher training 
programmes. The trial teachers were also expected to serve as 
master teachers for the in-service training programmes to be con- 
ducted later. 

The first active pre-service teacher training programme of 
the IPST began in Novouber 1975 by developing guidelines for carry- 
ing out the pre-service trairiing programme for science and mathe- 
matics teachers to aid in the implementation of the new curriculiam 
materials all over the country. 

Professional support services . 

Besides the in-service and pre-service programmes, the BDT is 
developing -a variety of other programmes to assist the classroom 
teachers in continuously improving his teaching of biology. Re- 
cently, the BDT has started publishing a newsletter which is sent 
to biology teaching schools all over the country to inform them of 
the new activities and movements in biology education and provide 
useful suggestions for teaching of this subject. In addition, a 
number of articles and research papers from various journals related 
to biology education and on biology topics to be taught have been 
compiled and were made available to the biology teachers as supple- 
mentary reading materials. Hopefully, this would be a continuing 
effort. 

Another project currently under implementation is the * Bio- 
materials project*. This project was originated in 1979 as it. was 
found that one . serious problem concerning the implementation of the 
new biology curriciol^im is the lack of teacher* s knowledge about 
sources of useful materials available in the region for the teaching' 
of biology. This problem arises from the differences of flora and 
fauna in the different regions- of the country. Teachers in each 
part of the country need specific guidelines that are most appro- 
priate for the area. Thus the IPST established-'a project to search 
for local materials suited for teaching biology in particular parts 
of the country. In doing this, four local teachers, training 
colleges as well as two regional universities were invited to par- 
ticipate in the project. A workplan was designed to gather both 
specimens and information concerning appropriate local materials 
to be used in teaching the IPST biology programme.. The field work 
part of the project has been completed' and its products are expected 
to be p\jblished and ready to be distributed at the end of 1981. ' 

Another attempt to provide cowfednuing professional support 
services for biology and other science teachers "j.s the establishment 
of the Science Teachers Servicing Centres (STSCs) in selected . 
Teacher Training Colleges. 18 
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Chapter Two 



NEW TRENDS IN BIOLOGY EDUCATION: 
SYNTHESIS OF EXPERIENCES 



General 

The reports on the status and problems of biology education 
in the partdcipating eoTjntries (Chapter I) and the discussions of 
the participants indicates that biology education in this region is 
passing through a crucial period of change. The new trends in 
biology education include: (i) a shift from teaching biology as 
separate subjects of botany and zoology towards a unified course of 
life sciences, thus stressing unity rather than diversity of living 
organisms; (ii) introduction of current areas of interest - 
genetics, cell biology, ecology, etc.; (iii) introduction of applied 
areas of biology such as agriciiltiir e , health and nutrition; (iv) 
stress on environmental education, social relevance and value edu- 
cation; and (v). development of decision-making abilities in, the 
child* The extent to which these trends have been included in the 
curricula varies from co\antry to coiontry, and in the case of some 
countries, even within the co\intry* 

New instructional materials have been and are being developed 
for the -new curricula. However, in many cases the curriculiam devel- 
opers were not the authors, and thus the philosophy with vrtiich the 
curriculum developers framed the syllabi did not find expression^ in 
the textual materials. Another aspect which seems to be lacking in 
many of the textual materials is the activity-based inquiry approach 
to teaching. Indeed most books lack any suggestions for practical 
and laboratory experiences. Once again this is because: (a) the- 
authors are of the old school and are not familiar with the inqioiry- 
approach style of writing; and (b) they are not familiar with the 
classroom situations and the type of activities that could be done. 
However, with the growing stress on the use of environment and of 
locaa. resources, this problem of lack of activities not only for 
skills but also for value education is being slowly overcome by in- : 
elusion of more practical experiences. 

Biology and environmental education --^ ..^^ 

In view of the growing concern f&r the environment, it would 
be appropriate at this j\incture to consider the contribution that 
biology can make towards environmental education programmes. If 
environmental education is about relationships between man and the 
environment, then it is fundamentally biological. The main issues 
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with which biologists should be concerned fall into three overlap- 
ping fields -ecological, physiological and behavioural. Of these, 
ecology has received the greatest attention in the discussxon of 
environmental problems. The role of physiology has however been 
underestimated in any definition of environmental education, yet . 
its contributions to the understanding of sensory perception, met- 
abolic needs, the sources of motivation and related matters are 
vital. Finally, the importance of behavioural studies for under- 
standing man-environment interactions is yet another aspect which 
needs emphasis. Equally important are the agricultural and health 
aspects. •• 

Practical ecology lessons in secondary schools are centred 
round particular ecosystans, but our efforts as biologists have _ 
rather been directed towards problems falling within the boundaries 
of ovx own academic discipline. As a result, we have failed to 
grapple with the natural , social and aesthetic processes that cut 
across and with value judgements that extend beyond the boundaries 
of the discipline. 

The development of skills in identifying and analysing an ecolo- 
gical problem (e.g. pollution of a waterway) should therefore be seen 
as an important pre-requisite for integrated, investigatory project- 
type activities or environmental encounters involving a class, 
classes or groups of students working together with teachers and 
local experts. The basic idea behind environmental encounters 
should be to focus the traditional elements of biology curriculum 
on a particular issue and to explore what additional knowledge, 
skills, and attitudes may be involved in solving the environmental 
\ issue under consideration. 

' Ecology has also taught us how complex and subtle are the inter- 

relationships between organisms and their environments. Rather than 
peing concerned with theoretical knowledge provided from Parent 
Academic disciplines, environmental education should be about iden- 
tifying and observing more accurately the many components of our 
eAviornments; about understanding the inter-relationships and intej:- 
defeendence between the components and outselves; about evaluating 
th5 aims and environmental consequences of human activities, past, 
present or proposed; and about action, direct and indirect which 
wili ensure a harmonious relationship between man and the world of 
whic\^ he is a part. 

Evaluation 

This brings us to a much neglected aspect of environmental edu- 
cation - that of evaluation. TwO major dependent variable and siab- 
variable categories for evaluation can be identified as: (a) ecologi- , 
cal value system; and (b) ability to act on an ecological value 
system. 

These two basic components would also equally hold good for 
other areas of modern biology - for instance in the concepts of gene- 
tics relating to race, sex discrimination and genetic engineering 
where not only the value system has. to be developed, but also the 
deci§ion-making abilities 20 
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For the first variable namely the ..value system, separate cogni- 
tive and affective or combination (cognitive-affective) test instru- 
ments need to be developed. For the second variable - the decision- 
making ability, the evaluation has to be conducted 'on site*, that 
is while the activity is in progress. This essentially means that 
the role of the teacher in this aspect has to be taken into consi- 
deration, and teacher training programmes should cater to the train- 
ing of teachers for making 'on site' evaluation. In addition, a 
couple of \anobtrusive behaviour measures, again based on objectives, 
can be introduced into the evaluative component of the programme. 

Instructional materials and their designing 

The various aspects outlined above highlight the need for devel- 
oping new and suitable instructional materials to cater for these 
. new demands on biology education. . 

Textbooks will continue to remain the main type of instructional 
materials for the formal system of education. In designing textbooks, 
it is very necessary to identify the objectives of the material 
first. The content must be selected to suit the objectives to be 
fulfilled. The level of the content must be suited to the mental 
maturity of the child, and should not have aspects wlrLch lead to 
confusion rather than comprehension. -The proper sequencing of top- 
ics for better understanding also deserves attention. 

Illustrations play a very important role, particularly in the 
instructional materials developed for teaching/learning of biology. 
These ■ should, therefore, be very clear, properly labelled and pro- 
portionate. Wherever possible, the magnification should be indi- 
cated. Photographs should be included only if a proper reproduction 
can be assured. Textbooks should not only be well illustrated, but 
a definite attempt should be made to depict the content and activi- 
ties through a series of clearly. labelled diagrams, so that the 
minimum of language problems are encountered. 

In view o^. the lack of adequate in-service training facilities 
and increasing costs involved in arranging training programmes at a 
central place, there is .an urgent need to develop self-instructional 
and resource materials. for teachers which could be mass produced 
and widely distributed. 

A spectrum of people should -be ^associated with the development 
and revision of textbooks and teacher training materials. This 
should include \jniversity teachers/contpnt experts, practising 
teachers, and experts in pedagogic aspects, especially those dealing 
with evaluation. 

Apart from the textbooks, three main types of modular instruct- 
ional materials need 'to be designed to meet the demands created by 
the introduction of new. concepts/topics and trends: 

(a) For students : These should cover the new as well as dif- 
ficult concepts. The content matter should be presented in a simple 
language, with only the minimum needed technical terms. A short 
glossary of the terms may form a part of the instructional material. 
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The theoretical content should be supported by a large number of 
activities, which should stress both, development of practical skills 
as well as intellectual skills (analysis 'of data, decision making, 
etc.)'. The content matter should be preceded by the aims and ob- 
jectives (including behavioural objectives) of the unit; entry be- 
haviour; and pre- test to ensure that the children have enough back- 
ground knowledge to follow. the unit. The unit should also have a 
post-test to evaluate the learning outcome both in terms of cogni- 
tive and affective domains. 

(b) For teachers : There is need for development of two types 
of basic materials for teacher traiiiing: The first 'one are units 
which are basically the same as student units, but developed as 
teacher resource material with the content treated at a slightly . 
higher level; supplementary reading materials as necessary; the 
strategies for using the material; list of materials required for 
activities; alternate activities; fabrication of simple equipment; 
method for student evaluation; and above all, a conceptual scheme 
which shows the linkage between the concepts in the unit, and con- 
cepts related to the unit. If developed as a teacher training 
module, the format will be similar to that of a student module at 
a higher level and would include all resource materials as well. 

The second type of instructional materials that are required 
for/<he teacher are those covering the interface between biology on 
th/oh#'hand and mathematics, statistics, physics- and chemistry on., 
the other. These could be developed as resource materials for 
teachers - especially in areas such as biopolymers and their chemi- 
cal characteristics, p" and its measurement, redox-reactions and 
electron transport chains, use of statistical methods such as sam- 
pling, t-test, for analysis of biological data. These would be 
meant for updating teachers who have had no exposure.-to these areas 
during their training period. 

Once the textbooks/modules/resource materials are developed, 
the first step is to evaluate their usefulness in the field. Opi- 
nions should be sought from teachers, students, and content experts. 
The actual use of material should be evaluated- 'on. site' with the 
help of trial schools/institutions. An experimental edition can be 
printed for these try-outs. Following this, a thorough revision 
has to be undertaken. The revised ediUons should be commercially 
printed and widely disseminated. 

A network must be set up fot dissemination of the materials. 
If necessary the materials should be translated into national/ 
regional languages. Care should however be taken to have the appro- 
priate technical terminology. 
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Chapter Three 
ABOUT THE TEACHING/TRAINING UNITS 



In this Chapter are given short descriptions of the teaching/ 
training units which the participants had prepared and brought to 
the Workshop and which were co-operatively reviewed and improved 
upon. 

Title of the Unit: PRACTICAL/LABORATORY TECHNIQUES FOR THE 

TEACHING OF SOME ENVIRONMENTAL FACTORS 
(A teacher training manual) 

Prepared by Dr. (Mrs.) Shakuntala Bhattacharya , 
■ Reader, Biology and Extra Curricular Science, 
Department of Education in Science and 
Mathematics V National Co\incil of Educational 
Research and Training, Sri Aurobindo Marg, ^ 
New Delhi-110016, India. 

About the Unit : In a country like India with its vast number 
of teachers, and limited resources, the problem of in-service train- 
ing poses many problems. While introducing the new biology curri-_ 
culum at the secondary 'levelV itT was "fe^^ which" 
could be based on environment and local resources, if incorporated 
into a handbook for teachers, would go a long way in solving the 
problems, especially of performing of suitable activities which 
could help the teacher to improve the teaching-learning strategies. 

The aim of this traini ng unit is to provide broad, guidelines 
for practical experiences related to the teaching of environmental 
factors which can be used by the teacher for strengthening the 
teaching-learning strategies. The present Unit is meant for use in 
teacher training programmes and comprises the following sections: 
(1) Introduction; (2) Aims and objectives; (3) Background knowledge 
(entry behaviour), including a pre-test; (4) Practical experiences; 
(5) Reagents and culture techniques; (6) Strategies for use of prac- 
tical experiences; (7; Post-test; (8) Keys to pre-test and post-test- 
and '(9) References. 

The major part of the Unit consists of about 100 practical ^ 
experiences which cover aspects such as: (i) planning a field trip;,^ 
(ii) diversity in the living world (collection and preservation \ 
techn3.ques, and population studies); (iii) case studies in inter- \ 
action between species; (iv) composition of air; (v) soil; (vi) v-^--- 
(vii) effect of salinity on living organisma; (viii) measurement 
factors affecting thermal comfort. 
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A comprehensive list of reagents, and how to make them, is 
included in Section V. 

The post-test has been designed to test whether the experiments 
have been carried out by the trainees; if they know how to use these 
ejcperiences and interpret data; and finally if application and in- 
quiry processes in learning of particular concepts have been gained. 

Title of the Unit ; FRESH WATER ECOSYSTEM AND WATER POLLUTION 

— (Teacher resource material suggesting an 

approach for teaching one topic in environ- 
mental education) 

Prepared by Miss Indra Devi Somasundaram, 
Secondary Science Unit, Curricul\am Development 
Centre, Ministry of Education, Kuala L\ampur, 
Malaysia 

About the Unit ; The following are the contents of this Unit; 
(i) inti-oduction; (ii) objectives; (iii; ecosys';em; (iv) water 
pollution; ,(v) value education; (vi) teaching- learning strategies; 
and (vii) evaluation. 

The challenge to science education in the midst of environment 
crisis confronting societies today is the establishment of curricu- 
la with relevant ecological content. If environmental education is 
to meet the challenge of environmental problems, it must be ecolo- ^ 
gical and experiential. Environmental education can be a vital 
part of the school science curricula. The study of fresh water eco- 
system and water pollution would make a useful contribution towards 
, an ecological approach to environmental education. It is hoped that 
' through the use of these materials, the teacher will be stimulated 
to improve instructional •procedures so as to provide experiences 
for students which will create an interest and concern for their ^ 
future interaction v;ith their environment. Further, these materials 
could provide the basis for the development of other topics in envi- 
.ronmental education. 

Valuing is a process that needs to be fostered in environmental 
education. Through value education, the student is able to engage 
in critical decision-making. Value issues are so much a part of the 
teaching of science. Almost no topic in any science curriculum can' 
be taught without some opportunity to consider the value implication 
of th£ content. Topics can be taught on three levels, namely, the 
knowledae level, the concept level and the values level. The values 
level of instruction places emphasis on students' opinions and 
..judgement. - 

The curricul\am materials here.,_whi€h-^icXuae''amon^ 
teaching-learning!-stratsg35s7~give ideas and suggestions for imple- 
meriting'-en^d^OTm^ntal education as an integral part of the science 
"Surriculum, in particular the biology curriculum, as exemplified by 
this topic. The activities are designed for students in grades 10 
■and 11 in secondary schools. This is a resource for teachers, and 
it suggests' an approach for teaching one topic in Environmental 
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Biology, namely, fresh water ecosysto^n and water pollution. It is 
important to note that .the materials are intended to serve only as 4- 
a guide in selecting appropriate activities, and should not be 
considered as a fixed structiare. 

The Unit gives a brief introduction highlighting , the need to 
inculcate environmental literacy among the school population. It 
emphasizes the need to infuse elements of environmental education 
in science education at all levels of the 'education, system. The 
three dimensions of a good education, namely, content, concepts'and 
values should be considered in such c\irricul\im development. 

The general objectives of the topic are listed. The concept 
of the ecosystem is then discussed to provide information for the 

teachers so as to assist them in the planning of ,the^ te aching- 

learning strategies of this topic. The pond is considered as an 
example of a' fr^esh" water ecosystem for the practical activities of 
the topic. I The four basic components of an ecosystem, namely, abi- 
otic siibstances, producers, consumers or microcons\amers and decom- 
posers or micro-decomposers, are considered. Some of the most 
urgent topics concerning environmental education currently such cts_^ 
pollution, conservation, quality of life, population control and 
resoiorce management are delineated so as to point out that water-^^^ 
pollution is one such environmental problem. _ ... 

A discussioii on water pollution follows. The different types 
of water pollution, the causal agents of these types^^f pollution 
and their effects on the ecosystem are considered. The detection 
of the degree of water pollution using -such tests as the Biochemical 
Oxygen Demand (B.O.D.) and indicator organisms are discussed. Values 
education is briefly treated as an important component of environ- 
mental education. 

The section that follows gives details of the concepts and 
teaching-learning ■ strategies involved in this topic. They are cate- 
gorised into classroom and field work sessions to assist the teacher 
in the organization of the activities for the teaching-learning. 
•The details of ^' the practical activities for students are given. 
Possible student projects are discussed. Student exercises which 
involve the analysis of a given set of data are also considered. 
Such exercises would entail drawing of inferences and decisipnr--- ---^ ^ 

malcing on the part of students. ^ ■ — ■ 

_Evaluati-oirt^--arrljnp^ component of any curricul\:im. How- 

'"ever, not all the aims and objectives of this topic can be measured 
in the more conventional ways, and so teachers have to assess these 
aims and objectives. This aspect of evaluation with particular 
reference to environmental education is discussed. 
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T itle of the Unit ; THE CELL CYCLE \ . 

"~ ~ (A teaching unit for students of secondary/ . 

higher secondary levels) \^ 

Prepared by Dr. M. Arslan, Chairman, \ 
Biology Department, Quaid-I-Az.am University, \ 
Islamabad, Pakistan \ ^ 

Ab out the Unit ; The key concepts covered under, this Unit are: 
(i) Nucleus; (ii) Chromosomes; (iii) Mitosis; (iy) Meiosis; and \ 
(v) Sex determination. \ 

This teaching Unit has been prepared to provide! the students i 
with information as well as concepts regarding the cell cycle. The \ 
main objective of the Unit is focused on the identification of the \ 
cell cycle -as the -process-responsible- for-hereditary continuity in \ 

living' organisms. • . \ \ 

Writing of this Unit- was urged by the fact that due considera- 
tion is not given-'to^ese concepts in some of the textbooks pres- 
cribed torthe secondary level. In other textbooks, the subject 
"has'been treated in such details that it becomes diffic\ilt for the 
student to sift out the material whcih may present a unified picture 
of the stages of the cell cycle and is of relevance for 'understand- 
ing other topics like genetics, DNA replication and reproduction. 

An attempt has, therefore, been made to present the material^- 
in a concise but accurate manner. Many of the details of cell divi- 
sion which may become a barrier to the understanding of , the more 
basic concepts by the students at this level, have been left out. 

The Unit should help the - student in comprehending the phenome- 
non of cell multiplication which is^the basis of growth and "repro- 
duction at the organismal level. One part of^jhhe Unit also, des- 
cribes the chromosomal basis of_jex,-determination. \ 

Ab the end _pjE^each' section, certain guidelines have bee^ given 
for consi-deTation by the teacher which may- help to identify ^nd 
"emphasize the specific conceptual outcome from the informaticiji con- 
tained in that -section. - i 

It is hoped that the Unit will serve to provide information 
about some o£ the specific topics of cell biology and will fu^sh 
the necessary background-' and rationale for the study of genetibs , at 
the secondary or higher secondary school levels. \ 

The. Unit has been designed; 



1. - T.q pii-o-v-ide a basic understanding of the cell cycle andUhe 
, 'VrcSt'ess of cell reproduction (cell division) in 

eiikaryotes.- • 
•2. To comprehend that cell reproduction is not only responsi- 
ble for an increase in the number of cells but also fur- 
nishes the mechanism for genetic continuity. 



1/ Cells containing a discrete nucleus. 
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3. To provide a brief description of the nucleus and chro- 
mosomes since these cell components play a central role 
in cell reproduction. 

4. To discuss the different stages of mitosis with regard 

to changes in the shape of the chromosomes and their move- 
• ments in relationship to spindle formation. 

5. To emphasize that during the cell cycle, duplication of 
chromosomal material occurs when the cell is not dividing 
(interphase) and that mitosis is responsible for the equal 
(quantitatively and qualitatively) distribution of the 
chromosomes to the two daughter cells. 

6. To explain the need of a special type of division (meiosis) 
in cells which are destined to become gametes in sexually 
reproducing organisms. 

7. To describe the stages of. meiosis which consists of two 
consecutive cell divisions but only one « replication of 
chr omo s ome s . 

8. To comprehend the significance of pairing and chiasmata 
formation during meiosis. 

9. To find a basis of genetic variation as a result of the 
behaviour of chromosomes during meiosis. 

10. To explain the chromosomal basis of sex determination. 

Title of the Unit ; ENVIRONMENTAL BIOLOGY UTILIZING FIELD STUDIES 

" ■ CENTRES 

(A teaching unit designed for senior secondary 
students to study a "Terrestrial Ecosystem") 

Prepared by Mrs. D.D.P. Jayakody, Officer, 
. Planning and Research Branch, Ministry of 
Education, Colombo, Sri Lanka 

About the Unit : Since the present day education emphasises 
mostly, on learning rather than teaching, the present Unit is an 
attempt to link biology education with the real-life situations , 
using environment as a resource, whereby students could work like 
scientists and learn by doing and thus link up the classroom learn- 
ing with the natural situation. 

The Unit focuses on studying of biological concepts, inter- 
relationships of organisms and identifying. problems of the local 
terrestrial habit-ats and can be used by senior secondary students 
who are the ones who either proceed for tertiary^edueatiorii or have 
already reached the terminal^tage of ■ sclibbl. education. 

The aim of tHe'TSiit^s to provide guidelines for ' students to 
carry'out field activities in a local terrestrial habitat for study- 
ing biology in order: 

1. To acquire. knowledge, skills and attitudes by utilizing 
real-li^e situations. 
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3. 



To improve the quality of the environment by educating the 
^outh so that they would have a positive attitude towards 
the environment. 

To realize that an ecosystem is not a mere collection of 
organisms or an accidental mixture of species but a highly 
organized system, where the individual meribers are_inter=- 
acting with each other. 



Introduction to 
concepts/techniques 



\ 

. \ 



Reformulation, elaboration 
of concepts, identifica- 
tion of problenis 



/ 



B 



Presentation/discussion, 
exchange of experiences 
gained 



Field activities/Guided 
observation , recording 



\ 



\ 



... / 
/ 



Laboratory experiments; 
Interpretation of data 



The scheme of the Unit 



The Unit is so designed that the teacher, can carry out conti- 
nuous assessment of the students at any appropriate stage while 
studies are being conducted. However, in order to evaluate the 
knowledge gained, skills developed and the attitudinal changes, a 
post -test is included. 
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Title of the Unit ; POSSIBILITY OP GAMETES FORMATION IN 

DIHYBRID CROSS 
(A teacher training unit) 

Prepared by Dr. Pisam Soydhurum and 
Mrs. Nantiya Boonkliirb, Biology Design Team, 
The Institute for the Promotion of Teaching 
Science and Technology, Bangkok, Thailand 

About the Unit; This Unit is designed to provide the high 
school biology teachers the understanding and skills reqiiired for 
the teaching of a concept in genetics. (The middle school biology 
teachers can also' be the target group if the concept of dihybrid 
cross is taught at this level in some co\antries). 

In the study of Mendelian genetics, it was found that some- 
times the concept on possibility of gamete formation, .particularly 
in dihybrid cross, is somewhat complicated for many students. •Thus, 
an" activity has been designed to help stu^ients have a clear \inder- 
standing, on the one hand, and provide a practical experience in 
dealing with probability problems, on the other. In using this 
teaching Unit, it is essential for the teachers to be familiar with 
the activity both in terms of the concept and skills. For this 
Unit, pairs of beads have been used to show the' independent segrega- 
tion of the genes. Gtiidelines and additional information are pro- 
vided for teachers and simulation technique is also recommended. 

After the completion of the Unit, the teacher should be able 
to use the suggested laboratory technique effectively for his/her 
genetics teaching on the concept of possibility of ga^nete formation 
in dihybrid cross. 

The major concept developed in the Unit is that when two cha- 
racteristics of organisms are simultaneously considered in a cross, 
such a cross is called a dihybrid cross, in which four kinds of 
gametes could be formed with equal chances. 

Title of the Unit ; TYPES OF VARIATIONS 

"~ - (A teaching unit for secondary school biology) 

Prepared by Dr. Pisam Soydhurum and 
Mrs. Nantiya Boonklurb, Biology Design Team, 
The Institute for the Promotion of Teaching 
Science and Technology , Bangkok., Thailand 

■ About the Unit ; This teaching iinit is for the biology students 
-at the high school level where the sub-topic 'types of variations' 
is included \ander genetics. .Practical work has been designed in 
order that students will have opportunities to obser\'e and record 
variations and- use numbers. Facts and phenomena observed in 
learners* daily life are used in the activities. 

Biology teachers generally just tell their students about the 
definition of the two types of variations and give some examples to 
illustrate the phenomenon. It is therefore felt that the students 
vd-11 have a better \inder standing and more, objectives of biology 
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instruction will be fulfilled, if practical activities are employed. 
The lesson will be more meaningful for the. learners if the rela- 
tionships between the concepts learnt in tHe class and the real- 
life situations are emphasizedi The Unit has therefore been de- 
signed for this purpose. In this Unit, students will have opportu- 
niti^.3 to obser^/e their own characteristics, as well as those of 
their friends. Moreover, science process skills such as numbering, 
recording and calc\alating are al,so involved in students' practical 
work. 

After completion of this Unit, t he stude nts should be able to: 

1. Observe characteristics of menbers in a class in a study 
of variation; 

2. Record the data obtained from (1) in the table; 

3. Conclude that for certain characteristics, a group of 
students can be classified into two sub-groups; 

4. Measure the heights of members of the class; 

5. Record data obtained from (4) in the' table; 

6. Conclude that for certain characteristics, the ^variation 
range from one end to the other has several intermediaries; 

7. Define the term "continuous variation"; 

8. Define the term "discontinuous variation". 

The. content of the Unit illustrates that there are two types 
of variation: the continuous variatio n that varies from one end to ■ 
another end with several intermediaries; and the discontinuous 
variation that consists of only two choices, for example, yes or no, 
present or absent. 
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